the functional rehabilitation of patients may be hindered. Especially in the first days following surgery, sufficient analgesic treatment is necessary. 2, 6 Epidural 3,5,9,10,17 analgesia has been shown to be sufficient in the treatment of postoperative pain after lumbar spine discectomy and fusion.
In spondylodiscitis, local and systemic inflammation are increased. Higher concentrations of inflammatory mediators such as TNF-a, IL-1b, and MCP-1 have been observed and may result in reduced morphine sensitivity. 11, 21 Local administration of analgesics by epidural catheters and patient-controlled administration may lead to beneficial effects including reduced pain levels and increased functional status; however, the insertion of an epidural catheter into a locally infectious region is highly controversial. A concurrent infection within the insertion area is considered a contraindication in the anesthesiological literature. 14 After spinal stabilizing surgery, neuromuscular activation of paraspinal muscles may be affected, resulting in functional limitations in muscular strength and functional performance. 12, 20 In patients with lumbar back pain, altered trunk control in regard to forward bending, rising from a chair, and walking have been described. 15 As a result of these circumstances, limited back motion and decreased muscle strength may be observed in response to either the procedure itself or due to pain-related avoidance. 15 The aim of this study was to investigate whether placement of an epidural catheter is safe after surgical sanitization of the infectious focus and, furthermore, to observe the effects of patient-controlled epidural analgesia (PCEA) versus patient-demanded intravenous analgesia (PIA) on clinical and functional capabilities and to monitor side effects.
methods
The study was approved by the local ethics committee, and informed consent was obtained from all patients prior to surgery. We retrospectively analyzed our prospectively maintained spondylodiscitis database for data consisting of sex, age, localization of the spondylodiscitis, treatment, postoperative complications, and the treatment for patients who underwent surgery via a posterior approach between January 1, 2010, and June 30, 2013. All of the patients were treated with open instrumentation; no percutaneous instrumentation was performed in any of the cases. Patients with spondylodiscitis of the cervical spine were excluded from analysis due to the possible side effects (e.g., respiratory suppression) of overdosed analgesics. Further exclusion criteria were drug addiction and intraoperative damage of the dura.
Prior to March 2012, no peridural catheter was inserted in cases in which an infectious spondylodiscitis was observed intraoperatively. Challenging this philosophy, we revised our standardized treatment regimen in terms of epidural catheter placement in March 2012, resulting in 2 cohorts: patients who underwent epidural anesthesia and those who did not.
As an institutional standard of care, all patients with surgical treatment for spondylodiscitis were postoperatively admitted to the neurosurgical intensive care unit (ICU) and observed until postoperative Day 1. Routine postoperative CT was performed on Day 1 of surgery to document positioning of instrumentation and catheter placement in patients of the PCEA group. Postoperative care regarding thromboprophylaxis did not differ between the 2 groups.
Preoperatively, patients were given oral premedication consisting of 7.5 mg midazolame. Anesthesia was induced intravenously with 3 mg/kg fentanyl, 2 mg/kg propofol, and 0.1 mg/kg cisatracurium and maintained with repetitive bolus dosing of 1-2 mg/kg fentanyl and inhalative 1.1 vol % sevoflurane. After intubation, patients underwent pressure-controlled ventilation with an inspiratory oxygen fraction of 0.5 and a tidal volume of 8-10 ml/kg.
Surgery was performed with the patient in a prone position, and the infected intervertebral disc material was removed to the greatest extent possible. Antibiotic-impregnated PerOssal (hydroxyapatite with calcium sulfate) was administered to the intervertebral space. Gentamicin was applied as the standard, but the antibiotics were adjusted in cases with a known pathogen and in accordance with results of an antibiogram. Stability was achieved via dorsal instrumentation, with pedicle screws inserted as anchor points and connected with a fixateur interne for transpedicular distraction and stabilization.
After instrumentation, the neurosurgeon inserted the epidural catheter (epidural mini pack, Smith Medical) in the midline in patients of the PCEA group. The catheter tip was positioned 1 segment cranial to the treated segment, and positioning was documented in the surgeon's report. Catheters were channeled distant to the incision and anchored to the skin by a suture. As institutional standard, we routinely performed early postoperative CT for the verification of adequate instrumentation localization, allowing us to verify the precise position of the catheter tip using high-resolution spiral CT imaging and multiplanar/3D reconstruction.
Postoperative analgesia was initiated in both PCEA and PIA patients on admission to the ICU. An initial 4 ml bolus of 0.75 mg/ml ropivacaine was administered to the patients in the PCEA group. A postoperative infusion rate of 8 ml/hr of 0.2 mg/ml ropivacaine was then initiated, and patients were allowed to receive additional boluses of 8 mg ropivacaine every 20 minutes on demand using the PCEA software. Patients in both groups received intravenous analgesics consisting of 1 g metamizole 3 times per day. Additional medication in the PIA treatment group consisted of 7.5 mg piritramide and was administered on patient demand, monitored, and documented. Peridural catheters were removed on postoperative Day 4.
Functional outcome was measured using the trunk control test (TCT), a well-established tool for the assessment of motor deficits after stroke but may also be used after spinal surgery. This test measures 4 items (rolling to the weak side, rolling to the strong side, balancing in sitting position, sitting up from lying down), with each item scored and summarized (0 = unable to perform movement without assistance; 12 = able to perform movement but in an abnormal style [pulling on bed clothes, rope, or assist pole or using arms to steady self when sitting]; 25 = able to complete movement normally). For example, for the sitting balance item, a patient would score 12 if they need to touch anything with their hands to stay upright and 0 if they are unable to stay up (by any means) for 30 seconds.
Regular follow-up was scheduled for all patients. Antibiotic medication was discontinued depending on the clinical and laboratory findings, including performance in functional tests and the presence of inflammatory mediators. Calculated antibiotic treatment consisted of postoperative meropenem (6 g/day) and vancomycin (2 g/day), with any required adaptation in regard to an antibiogram, if obtained. Intravenous antibiotics were continued for 6 weeks, followed by oral antibiotics for another 6 weeks if no signs of recurrent infection were observed.
A nonparametric analysis of variance with multiple comparison adaptation was performed to compare group differences during all time points documented. Demographic data, predetermined functional targets, and the incidence of adverse events at determined end points were compared using the Mann-Whitney U-test or the χ 2 test. Statistical analyses were performed using commercially available software (SPSS version 19, IBM). A p value less than 0.05 was considered statistically significant.
results
Between January 2010 and June 2013, we performed surgery on 32 patients with spondylodiscitis of the thoracic and lumbar spine. According to the study design, the first 16 patients included were treated with PIA while the latter 16 patients were treated with PCEA.
Three (18.8%) of the 16 patients assigned to the PCEA treatment group were excluded from analysis. Two patients (66.7%) were excluded due to intraoperative damage of the dura, and 1 patient (33.3%) had a history of drug abuse. Demographic and perioperative patient data included in the study did not differ between the study groups (Table 1) .
Mean pain scores at rest for the PIA group versus the PCEA group at 4, 8, and 48 hours after surgery were 4.3 versus 2.1, 3.9 versus 2.1, and 3.8 versus 1.6, respectively (Fig. 1) . On postoperative Days 2, 3, 4, and on discharge, the pain scores were 3.4 versus 1.5, 3.1 versus 1.5, 2.9 versus 1.6, and 1.7 versus 1.5, respectively. Patients assigned to the PCEA group had significantly reduced postoperative pain scores when compared with patients in the PIA group at 4 (p < 0.0001), 8 (p = 0.02), 24 (p = 0.03), and 48 hours (p = 0.03), while pain levels as measured by visual analog scale (VAS) converged over time and did not display significant differences in the later time points analyzed.
Patients in the PCEA group had significantly greater trunk mobility in comparison with patients in the PIA group in performing mobilization maneuvers (Fig. 2) . The (Fig. 3) . No significant difference was observed between groups in regard to sitting up from lying down at such an early time point after surgery (8.3 vs 6.5, p = 0.5).
Further analysis of trunk movement displayed significantly reduced time to normal movement in the PCEA group in all items analyzed. Moreover, abnormal turning to the weak side was achieved earlier in the PCEA group (p < 0.05). No significant differences between treatment groups were observed in regard to the other abnormal movements analyzed (rolling to strong side, balancing while sitting, sitting up) ( Table 2) .
Postoperative follow-up revealed no significant differences between the treatment groups (p = 0.3).
Two patients (12.5%) in the PIA treatment group and 1 patient (8%) in the PCEA group underwent surgery for wound healing complications. One patient (8%) in the PCEA group showed a minor extradural hematoma in relation to the catheter, which did not require intervention. No significant differences were observed in the overall occurrence of complications (p = 1). No cases of blood pressure depression, dural leakage as a result of catheter placement, violation of the spinal cord, allergic reactions, or meningitis were observed in the PCEA treatment group.
Pathological specimens were sent for microbiological examination. No pathogens were detected in 5 cases (31%) of the PIA treatment group and in 4 cases (31%) of the PCEA treatment group, yielding no statistical differ- ence between groups. Postoperative antibiotic treatment was conducted for at least 12 weeks and was prolonged depending on the patients' clinical examination and laboratory results. No difference was observed in overall duration of antibiotic treatment between the 2 groups. One patient in the PIA treatment group underwent a change in the antibiotic treatment due to prolonged increase of inflammatory laboratory parameters.
discussion
To our knowledge, this is the first study challenging the dogma that PCEA is contraindicated in the presence of spinal infection by comparing safety, postoperative pain, physical capabilities, and complications after major spinal surgery in cases of spondylodiscitis based on the type of analgesia.
Analysis of the data obtained displayed normal trunk movement of all items analyzed at a significantly earlier stage in patients in the PCEA treatment group compared Patients in the PCEA group showed significantly better values for trunk movement capacity from 8 to 96 hours after surgery. No significant differences between groups were found initially after surgery (4 hours) and on discharge. *p < 0.05 at indicated time point. with patients in the PIA treatment group. These data are in line with published data of patients with posterior spinal surgery in the noninfectious setting, which demonstrated reduced time to reach turning capacities in bed in patients with epidural analgesia compared with patients with intravenous analgesia. 16 In regard to technical handling of epidural catheters, no complications in the form of disruption of the dura or violation of the spinal cord were observed when visually placing the catheter, which concurs with the literature and the consensus of a more feasible intraoperative catheter insertion compared with a preoperative catheter placement (Table 3) . 7 Further, follow-up did not reveal any catheterassociated complications such as respiratory depression or neurological worsening, as has been previously described. 17 The need for longer follow-up of patients in the PIA group may be explained by the design of the study. Overall, the rate of complications was quite high in regard to recurrent surgery for wound-healing deficits. 5 This may be attributable to the relatively large number of patients in poor condition and to a high rate of comorbidities, as displayed by a relatively high American Society of Anesthesiologists physical status classification grade in this study cohort. No infectious complications directly attributable to the epidural catheter were observed. No pathogen was detected in 9 (31%) of the 29 cases of spondylodiscitis, resulting in nonantibiogram-adapted calculated antibiotic therapy in those patients.
In regard to postoperative analgesia, no significant difference in the duration of postoperative antibiotic treatment was found between the treatment groups, as clinical conditions recovered well and laboratory parameters as a surrogate parameter for an infection normalized comparably over time. No significant difference in complications resulting in any kind of consequence between the PIA and the PCEA group were observed, indicating a low-risk profile of peridural analgesia.
Apparently, combined intravenous and epidural analgesia, as administered in the PCEA group, did sufficiently decrease postoperative pain levels in these cases of spinal surgery in noninfectious cases. Higher amounts of inflammatory mediators have been described in spondylodiscitis patients. 21 Postoperative analgesia by a local administration may be sufficient in these cases due to higher concentrations of the locally applied analgesic and a combination of analgesic medications.
limitations
As this is the first series of patients with spondylodiscitis being treated with PCEA, this study has several limitations. The major flaw of this study is the lack of randomization and blinding, thus introducing a possible bias. Furthermore, studies including a larger patient population are necessary to fully evaluate the value of PCEA in patients with spondylodiscitis, especially in regard to cost effectiveness and indirect outcome parameters associated with early mobilization and impact on the development of pneumonia or pulmonary embolism.
conclusions
The value of postoperative analgesia after major spinal surgery is unquestioned. With adequate postoperative analgesia patient recovery may be achieved earlier and to a better level of satisfaction. In this study, we have demonstrated for the first time that, even in cases of infectious spinal disorders, epidural analgesia is superior to intravenous analgesia in regard to postoperative pain and patients' mobilization maneuvers in bed. We observed neither increase in the rate of complications in patients treated with epidural analgesia nor any prolongation in postoperative signs of infection or antibiotic administration. Our data indicate that patient-controlled epidural analgesia may be administered even in patients with bacterial spinal infection following thorough debridement and instrumentation.
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